ABSTRACT: An experiment involving 289 farrowings during a 2-yr period was conducted to determine the effect of increasing dietary nutrient concentration, electrolyte balance, and season of the year on the lactational performance of sows. Experimental diets were corn-soybean meal-based. The basal diet was formulated to meet or exceed the NRC requirements and the high-nutrient diet was formulated to contain approximately 20% higher levels of the nutrients than the basal diet, with or without adjustment of the electrolyte balance (Na+K-Cl) t o 250 mEq/kg. Experimental diets were fed in both the warm (May through October) and cool (November through April) seasons of the year, resulting in a 2 x 2 x 2 factorial arrangement of treatments. There were no season x treatment interactions for any of the indices measured. During the first 2 1 d of lactation, sows farrowing in the cool season consumed more feed ( P < .001) and produced heavier ( P < .001) pig weights and litter weight gains than sows farrowing in the warm season. Increasing nutrient density from 100 to 120% of the NRC requirements resulted in decreased ( P < .05) daily feed consumption, but it increased ( P < .001) daily CP and GE intake, 21-d pig weights, and litter weight gains. Adjusting the dietary electrolyte balance from normal (130 mEq/kg) to 250 mEqkg tended to increase ( P < .07) 21-d pig weights, but it had no effect on other indices measured. These data indicate that under the environmental and management conditions of this experiment, the nutrient requirements of the lactating sow are higher than the current NRC standards.
Introduction
Feed intake and weight gain in growing-finishing swine can be improved during periods of heat stress by dietary electrolyte (Na+K-Cl) modification (Haydon et al., 1990b) . This improvement seemed to be related to increased blood buffering capacity. Increased levels of Na or K have been shown to increase the growth rates of pigs fed lysine-deficient diets (Austic et al., 1983; Patience et al., 1987) . Recent reports indicate that modification of the dietary electrolyte balance to 250 mEq/kg affects the apparent ileal digestibility of dry matter, N, and most amino acids in the growing pig (Haydon and West, 1990) . ' Supported by state and Hatch funds allocated to the Georgia 2To whom correspondence should be addressed. 'Present Address: Carl S. Akey, Inc., Lewisburg, OH. Received June 28, 1993 . Accepted January 11, 1994 Agric. Exp. Sta.
Decreased feed intake and increased sow weight loss are commonly observed in sows experiencing heat stress (O'Grady et al., 1985; Haydon et al., 1990a) . Increasing the level of dietary nutrients and feeding wet diets have been shown to increase daily nutrient intake (O'Grady and Lynch, 1978) . The addition of dietary fat has also been reported to be beneficial to sows, particularly primiparous sows farrowing in the summer (Britt, 1986) . Addition of fat to lactating diets has been demonstrated to increase milk yield (Boyd et al., 1982) and to decrease the number of days from weaning to estrus (Shurson et al., 1986) .
The decreased feed intake of lactating sows during periods of heat stress indicates that the lactating sow may respond t o diets with increased nutrient concentration or altered electrolyte balance. The objective of this experiment was to determine the effect of increasing dietary nutrient density and( o r ) increasing electrolyte balance on the lactation performance of sows throughout the year.
Materials and Methods
Animals and Animal Management. This experiment involved 289 farrowings (66 primiparous and 223 multiparous) during a 2-yr period. In this experiment sows from four breeding groups were used. They were allotted by weight to treatment each time that their respective group entered the farrowing house. Data in this experiment represent the litters from the farrowings of 20 sow groups.
Saws were hand-mated twice at estrus and housed in gestation stalls or crates in an environmentally controlled building. All sows within a farrowing group were housed in a similar manner (.66-m x 2.1-m gestation crates) and fed a common gestation diet once a day (Table 1 ). Sows were offered 1.8 kg of the gestation diet until parturition. Saws were moved into the farrowing facility on d 110 of gestation and placed in individual farrowing crates ( .66 m x 2.1 m).
Farrowing stalls were equipped with snout coolers providing .6 m3/min air flow at 19°C in the warm season and at ambient temperature during the cool season. High and low temperatures were recorded at three sites within the building on a daily basis using high-low thermometers (Quality Confinement Equipment, Schuyler, N E ) located .4 m above the floor.
Supplemental heat (heat lamp) was provided as needed for the pigs during the first 14 d after farrowing.
At parturition, sows were switched to the experimental diet and fed three times a day during the remainder of the lactation period. Every effort was made to ensure that sows had access to feed at all times throughout the lactation period. Orts were collected and weighed daily and feed consumption was determined and recorded daily. The number of liveborn and stillborn pigs was recorded at birth for each litter. Saws were weighed and 10th rib backfat ultrasonically measured (Renco type LM-8, Renco, Minneapolis, MN) a t parturition, on d 3, 7, 14, and 21 of lactation, and at weaning (26 k 3 d). On d 21 after farrowing, a milk sample was collected by hand after an i.m. injection of 2 mL of oxytocin (Haydon and Hale, 1988) . Each sample was a composite of all functionally nursed teats. Milk samples were stored at -10°C until they were analyzed for CP.
Within 24 h of birth, pigs received an injection of 100 mg of iron (iron dextran) and had their needle teeth clipped, tails docked, ears notched, and navels treated following accepted management practices. Pigs from larger litters were cross-fostered, within dietary treatment when possible, as needed to equalize litters within 48 h of birth. Pigs received a second iron injection (100 mg of iron dextran) and males were castrated on d 14. Litter weights were recorded at birth, on d 3 , 7 , 14, and 21, and at weaning (26 f 3 d). Pigs had very limited access to the sow's feed and creep feed was provided only after d 21 of lactation.
Following weaning, sows were returned to the gestation facility and bred during the first estrus postweaning. The number of days to first postweaning estrus were recorded for all sows exhibiting estrus within 21 d after weaning.
Diets. Experimental diets were corn-soybean mealbased. The basal diet was formulated to meet the NRC (1988) requirements for ME, lysine, Ca, and P.
Vitamins and minerals were added to meet or exceed the NRC ( 1988 requirements. The high-nutrient diet contained 20% higher concentrations of ME, lysine, Ca, and P than the basal diet and was supplemented with approximately 20% more vitamins and minerals than the basal diet. Dietary electrolyte balance was modified to 250 mEqkg by the addition of KHCO3 (Table 1) . Experimental diets were fed in both the warm (May through October) and cool (November through April) seasons, resulting in a 2 x 2 x 2 factorial arrangement of treatments. Sow groups were assigned to the month in which a majority of their days in lactation occurred. Feed samples were collected from each batch of feed mixed and composited within a farrowing group. A representative subsample of each composite sample was ground to pass through a 1-mm screen before chemical analysis. Feed was analyzed for N, fat, DM, ash, GE, and minerals (AOAC, 1984) . Milk CP was analyzed using the AOAC (1984) method for milk. Milk CP was calculated as 6.38 x milk N content.
Statistics. Data from the factorial arrangement of treatments were analyzed as a randomized block design using the GLM procedure of SAS (1989) . The initial model included lactation group, season, diet density, electrolyte balance, parity (primiparous vs multiparous) and all the two-and three-way interactions. 
Results and Discussion
No interactions were observed among the dietary treatments, nor were any season x treatment or parity x treatment interactions observed in this experiment. Therefore, the main effects of season and dietary treatments will be presented.
Effect of Season.
The average high and low temperatures in the farrowing house were 24.3" and 20.0"C for the cool season and 27.6" and 23.9"C for the warm season. The average monthly high and low temperatures and their relationship to average daily feed intake are illustrated in Figure 1 . Daily feed intake exceeded the 5.3 kg/d NRC (1988) estimate during January and March. Observed feed intakes approached the NRC (1988) figure during February, April, and December. Feed intake was 25% below the NRC (1988) estimates during the months of May through November.
The cool season was defined as the months in which the average daily low temperature in the farrowing house was below 21°C. This is consistent with the report of Mullan ( 19 9 1 ) that indicated that lactating sows housed at temperatures above 20°C experienced decreased feed intake. However, Giles and Black (1991) found that feed intake was not affected if adequate feed was supplied during the periods of the day that the sow was housed in an environment below the evaporative critical temperature.
Sows farrowing in the cool season (November through April) consumed more ( P < .001) feed during the lactation period than did sows farrowing in the warm season (May through October; Table 2 ). Sows farrowing in the cool season consumed 4.93 kg of feed d, as compared with 3.89 kg of feedd consumed by the sows in the warm season. Observed daily feed intakes are 7 and 26% lower for the cool and warm seasons, respectively, than the 5.3 kg/d feed intake suggested by the NRC (1988) . O'Grady et al. (1985) reported a 12% decrease in lactation feed intake for sows housed at 27°C compared with sows housed at 21°C. The 26% decrease observed in feed intake during the warm season in the present trial is greater than the decrease in feed intake reported by O'Grady et al. ( 1985) and greater than the 13.7% decrease due to season previously reported by Haydon et al. (1990a) a t this location. The large decrease in feed intake in this experiment may be related to differences in the definition of warm and cool season, differences in relative humidity, or differences in the treatment of the sows before they entered the farrowing house.
The number of liveborn pigs and the birth weight of the pigs were not affected ( P > .15) by season of the year. However, sows farrowing in the warm season tended ( P < .07) to have more stillborn pigs than did sows farrowing in the cool season. This observation is HAYDON consistent with the data of Omtvedt et al. (197 l ) , who reported that gilts housed under heat stress conditions late in gestation gave birth to an increased number of stillborn pigs.
Sows farrowing in the cool season had heavier pigs ( P < .01) and litters ( P < .05) on d 21 of lactation than did sows farrowing in the warm season (Table  2) . These data are consistent with the data of Vidal et al. (19911, who found that sows housed at 30°C had decreased feed intake, decreased milk production, and decreased litter weights at weaning compared with sows housed at 20°C. Schoenherr et al. (1989) reported decreased N retention in sows housed at 32°C compared with sows housed at 20°C. Milk production was not measured in this experiment; however, milk CP was not affected ( P > .20) by season, indicating that changes in litter growth may have been a result of decreased milk production or milk energy levels, rather than changes in milk protein concentration. In contrast, Haydon et al. (1990a) reported that sows farrowing in the summer weaned heavier pigs and litters. Haydon et al. (1990a) attributed the seasonal differences in pig weights to increased energy expenditures by pigs born during the cool season. The supplemental heat that was supplied to the pigs born during the cool season in the present experiment may have been more effective than in previous studies and, therefore, decreased energy expenditures were required by the neonatal pigs to maintain body heat.
Sows farrowing in the warm season had greater total BW ( P < . O l > and backfat ( P < .02) losses and increased days to first postweaning estrus ( P < .05) compared with sows farrowing in the cool season (Table 2) . These results are consistent with the findings of Haydon et al. (1990a) and Vidal et al. (1991) .
Effect of Diet Density. Sows fed the high-nutrient diet had decreased ( P < .05) feed intakes compared with the sows fed the basal diet (Table 3) . However, daily CP and GE intakes were increased ( P < .001) in sows fed the high-nutrient diet. Nutrient intakes were increased by 90 g of CP and 1.9 Mcal of GE/d for sows offered the high-nutrient diet as opposed to the basal diet. Reports on changes in daily nutrient intake as a result of increased dietary energy have been variable. Pollman et al. (1980) reported decreased feed intakes, but similar ME intakes, when sows were fed diets with or without 8% added tallow. Sows fed highenergy diets with 1ysine:energy ratios maintained at the level of the control diets have been reported to increase feed intake by 3% and increase energy intake by 14% (O'Grady et al., 1985) . The results of our experiment indicate that CP intake was increased by 14.8% and GE intake was increased by 10.9% when sows were fed the high-nutrient diet, and daily feed intake was reduced by 4.4%. The increase in nutrient intake by sows fed the high-nutrient diet seems to be related to the increased nutrient concentration of this diet. In sows fed the high-nutrient diet, the increase in intake for all other essential nutrients should be similar to the magnitude of the observed increases in CP and GE intake.
Sow weight loss, backfat loss, and number of days to return to estrus were not affected ( P > .15) by dietary nutrient content ( Table 3 ). The number of pigs born alive and the average pig weight at birth were not effected by dietary treatment ( P > .lo).
However, sows fed the high-nutrient diet during lactation had heavier ( P < .001) pig and litter weights on d 21 than did sows fed the basal diet. Milk CP concentrations were not affected ( P > .15) by diet density; therefore, changes in litter response are probably related to increased milk production or increased milk energy levels. The lack of a season x diet density interaction indicates that, under these environmental and management conditions, the sows required higher dietary nutrient levels than the current NRC ( 1988) standards throughout the year.
Effect of EZectrolyte Balance. The addition of K H C O 3 to the diet to modify the electrolyte balance to aNormal electrolyte balance = typical corn-soybean meal lactation diet (130 mEq/kg); adjusted electrolyte balance = typical cornsoybean lactation diet with added potassium bicarbonate to equal an electrolyte balance of 250 mEq/kg. ~N S = not significant, P > .IO. 250 mEq/kg had no effect on feed intake ( P > .15) but tended to increase ( P < .07) d-21 pig weights. Electrolyte modification had no effect ( P < .15) on sow weight or backfat loss, number of days to estrus, d-21 milk CP, d-21 survival, or d-21 litter gains. However, numerical differences in most of these indices tended to favor the addition of electrolytes to the diet. Coffey et al. ( 1991) found that the addition of up to 1.08% K H C O 3 to the lactation diet had no effect on sow or litter performance. However, studies with growing pigs have indicated that modification of the electrolyte balance improved pig performance during periods of heat stress (Haydon et al., 1990b) and improved N utilization (Haydon and West, 1990) .
Sows fed the electrolyte-adjusted diet tended to have larger litters at birth ( P < .07) and after transfers ( P < .05) than sows fed the diets containing normal electrolyte levels. Because dietary treatments were initiated at parturition, dietary treatment should not have affected these indices; thus, the differences are assumed t o be a chance effect. The season x electrolyte balance interaction was not significant ( P > .20), indicating that any improvements in performance associated with modification of the electrolyte balance or increased dietary K levels occurred regardless of season under these environmental conditions.
Implications
Increasing nutrient density to help maintain nutrient intake during warm or hot periods may alleviate some of the detrimental effects of heat stress. However, the data from this experiment indicate that the lactation performance of sows under these environmental and management conditions can be improved throughout the year by increasing the nutrient density of the diet. These data may indicate that the current NRC (1988) standards are not adequate for sows housed under conditions similar to those in this experiment. Alteration of the dietary electrolyte balance did not alleviate the adverse effects of heat stress, although some numerical improvements were observed.
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